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Basal Gangha Glucose Uthzation after 
Precentral Ablation in the Monkey 
George W. Dauth, PhD, Sid Gilman, MD, Ku-k A. Frey, MD, P h D ,  and John B. Penney, Jr, MD 
~ ~~ 
In the macaque monkey, unilateral ablation of areas 4 and 6 of Brodmann results initially i n  a significant decrease of 
glucose metabolic activity in the ipsilateral caudate nucleus, putamen, globus pallidus, substantia nigra, and  sub- 
thalamic nucleus. The contralateral hemisphere shows nonsignificant bu t  consistently decreased activity in  the caudate 
nucleus, putamen, and globus pallidus. Cerebral blood flow is decreased in the same pat tern as the glucose metabolic 
activity. The change in glucose metabolic activity results from loss of neurons known to project directly from the 
cerebral cortex to the basal ganglia and also f rom indirect effects (diaschisis) i n  basal ganglia structures that  do not 
receive connections from the cerebral cortex. 
Dauth GW, Gilman S, Frey KA, Penney JB Jr: Basal ganglia glucose utilization after recent precentral 
ablation in the monkey. Ann Neurol 17:431-438, 1985 
Major sudden injury t o  the precentral or postcentral 
region o f  the cerebral cortex in t h e  adult human leads 
t o  a well-known sequence of events affecting the  
motor  system. The immediate result is paralysis of 
musculature o n  t h e  contralateral side of the body. 
With time, partial recovery from the paralysis often 
occurs, together with the development of limb hyper- 
tonia and reflex hyperactivity. The degree of recovery 
is variable and little is known about the structures or 
processes underlying t h e  initial paralysis or the  restora- 
tion of motor function with t ime [ll}. To study some 
of these factors, we have used a primate model of 
hemiplegia produced by unilateral removal of Brod- 
mann's cerebral cortical areas 4 and 6. This provides an 
excellent model of human hemiplegia, severe initially 
and lessening with time. In this communication we 
report the  changes in glucose metabolic activity found 
in the  basal ganglia during the initial phase of hemiple- 
gia after cerebral cortical ablation. Preliminary results 
have been published [4,  5, 91. 
Methods 
Thirteen Maraca fascicdaris monkeys weighing 2.5 to 3.5 kg 
were used, including 6 unoperated controls and 7 with uni- 
lateral ablation of cerebral cortical areas 4 and 6 of Brod- 
mann. The animals were examined neurologically before the 
operative procedure. Dexamethasone (1 mgikg) and chlor- 
amphenicol sodium succinate (25 mg/kg) were injected sub- 
cutaneously daily for 2 days before and 3 days after surgery. 
The animals were anesthetized with injections of 30 mg of 
ketamine hydrochloride intramuscularly followed by 3 5 ms/ 
kg of sodium pentobarbital intraperitoneally. The operation 
was performed using aseptic techniques. A bone flap was 
turned to expose the left hemisphere. The dura mater was 
reflected, and the rolandic and sylvian fissures and superior 
and inferior precentral sulci were used as landmarks for the 
ablation. Areas 4 and 6 of the cerebral cortex were ablated 
by subpial aspiration with much of the pia and blood supply 
left intact { 11 J.  We removed the gray matter from the depths 
of the sulci. The ablation included about 2 mm of cortex on 
the medial surface of the hemisphere. After hemostasis was 
complete, the dura mater was closed with fine silk sutures, 
the bone flap was replaced, and the wound was closed in 
layers. 
The animals were housed in separate cages, which per- 
mitted observation of their general behavior. Seven days af- 
ter the ablation, we examined each animal neurologically 
(1 1) and ensured that they could undergo deoxyglucose in- 
corporation. Dehydrated or lethargic animals were not used. 
The animal was strapped to a table and, under local anes- 
thesia with lidocaine, arterial and venous catheters were 
placed in the right femoral artery and vein. The animal was 
restrained in a chair with straps around the neck, chest, pel- 
vis, wrists, and ankles and then left in a quiet room for 1 
hour. We did not interfere with the animal's vision or 
hearing. 
Deoxyglucose autoradiography was performed as de- 
scribed by Sokoloff and associates f29}. A bolus of 100 yCi/ 
kg of {'4C]2-deoxyglucose in 1 ml of saline was injected 
through the venous catheter followed by a saline flush. 
Timed arterial blood samples were taken over the next 45 
minutes. The last sample was taken at 4 5  minutes and then 
the animal was killed with 150 mg of pentobarbital adminis- 
tered intravenously followed by 6 ml of a saturated solution 
of potassium chloride. The brain and spinal cord were re- 
moved rapidly and frozen in isopentane cooled wirh dry ice. 
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The brain was removed with the head immobilized in a 
stereotaxic head holder. With a knife mounted on the head 
holder, the brain was sliced stereotaxically into two sections 
of approximately equal volume. The tissue was coated with 
Lipshaw M-1 embedding matrix to retard dehydration during 
storage. The brain and plasma samples were stored at - 70°C 
until used. The plasma glucose levels were measured with a 
Beckman glucose analyzer and the plasma '*C levels were 
measured with a Beckman LS9000 scintillation counter. The 
brain was sectioned at 20 p,m in a Lipshaw 1800N motorized 
cryostat. Three serial sections were taken every 400 pm 
throughout the brain for autoradiography. The sections were 
placed on coverslips and dried rapidly on a hot plate. The 
sections, along with calibrated I4C standards, were placed on 
Kodak SB-5 x-ray film in a cassette, exposed for 6 days, and 
then developed. 
The autoradiograms were analyzed with a spot densitome- 
ter interfaced to a microcomputer (33. The computer was 
programmed to read the film density and convert to glucose 
utilization rates (291. The lumped and rate constants used 
were those of Kennedy and co-workers [14]. The glucose 
utilization rates were determined for each structure every 
400 k m  throughout the brain. At each level the measure- 
ment consisted of the average of multiple readings from the 
three serial sections at that level. Some sections, about 2% of 
the total, were cut excessively thick or thin. Data from these 
sections were not included in the analysis. Each structure was 
measured in the left and right hemispheres separately. The 
final values used in the statistical analysis consisted of the 
average from all levels for a particular structure. A two-way 
repeated measures ANOVA was used on the data for each 
structure to determine left-right and group differences. The 
significant differences reported are based on tests of simple 
main effects, which were determined by significant group by 
side interaction effects {32]. 
Two 20-p,m serial sections adjacent to those used for auto- 
radiography were processed for histological study. These 
were thaw-mounted onto subbed slides and postfixed over 
paraformaldehyde vapor at 38°C for 3 hours. Before stain- 
ing, the slides were washed in distilled water for 3 minutes. 
One section then was stained with cresyl violet 1191 and the 
other with a 0.396 solution of osmium tetroxide in distilled 
water until the myelin was well stained. Sections were then 
washed, dehydrated through alcohols and xylene, enclosed in 
Permount (Fisher Scientific), coverslipped, and examined 
under a microscope. 
A single animal with ablation of areas 4 and 6 of Brod- 
mann of 1 week's duration was used to study cerebral blood 
flow C251. The animal was injected with 50 pCi/kg of 
{'4C]iodoantipyrine at a constant rate over 1 minute. The 
animal was killed and the brain was removed and processed 
as described. 
Results 
Clinical Effects of Precentrul Cortical Ablation 
On examination on the seventh day after ablation of 
the left areas 4 and 6, a typical animal sat in its cage 
with the left limbs flexed, the right arm three-quarters 
extended, and the right leg three-quarters extended, 
abducted at the hip, and externally rotated. The left 
hand and foot usually oriented to the cage surfaces so 
that the fingers and toes curled around the wire or 
bars. The right hand and foot did not orient to these 
surfaces and the digits were loosely flexed, touching 
the surfaces lightly. The animal walked using both legs, 
but often the right leg flexed more than the left dur- 
ing stepping, with smaller-amplitude strides, and fre- 
quently lagged behind the left. When the animal stood 
still, the right leg often was more extended and exter- 
nally rotated than the left. The animal reached for a 
stick using the left hand, grasped it deftly, and pulled it 
toward its mouth. The right arm usually did not reach 
out, but at times the arm extended after the 'left hand 
had grasped the stick. The right hand then touched the 
stick lightly, but the fingers failed to orient to the sur- 
face. The animal neither supported its body weight 
with the right arm nor attempted to walk using that 
extremity. 
When the animal was suspended from the chest in 
the upright or inverted position, the right limbs hung 
passively in extension and the left limbs were flexed 
and adducted, although all four limbs showed intermit- 
tent struggling movements. When the animal was 
blindfolded, the left limbs showed a placing reaction in 
response to light cutaneous contact. The right limbs 
did not place in response to contact with either the 
right or left limbs. When the animal was tilted laterally, 
there was a poor abduction response with the right 
shoulder and a rapid response with the left. Hopping 
responses were poor in the right limbs. When the 
animal was immobilized in a chair with straps about the 
neck, chest, and pelvis, the right limbs hung three- 
quarters extended, failing to contact the surfaces of the 
chair, and the left limbs remained flexed with the hand 
and foot grasping the surfaces of the chair. The right 
hand and foot showed no response t o  light contact to 
the palm or sole, whereas the left hand and foot re- 
sponded immediately with avoiding or grasping reac- 
tions. On  passive manipulation the right limbs showed 
less than normal resistance, with only a barely detect- 
able plastic resistance appearing in the extensors and 
flexors of the elbow, knee, and ankle. Passive manipu- 
lation of the other joints produced essentially no resis- 
tance. The left limbs showed natural resistance to ma- 
nipulation. The deep tendon reflexes were diminished 
in amplitude in the right limbs when compared with 
the left. The patellar reflex on the right was slower 
than on the left and was pendular. 
Histological Results 
The histological patterns were similar in all cases. The 
lesions involved essentially all of the agranular isocor- 
tex and extended deeply into the underlying white 
matter, sparing the deep nuclei (Fig 1A). The lesions 
spared the extreme medial portion of the prefrontal 
gyrus and the depths of the superior precentral sulcus. 
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Fig  I .  Coronal sections through the lesion of a monkey 1 week 
after ablation of cerebral cortical areas 4 and 6.  (A] Cresyl 
violet-stained section showing the extent of the lesion in agranu- 
lar isocortex, but sparing the most medial part of the pvecentral 
gyrus and all deep gray matter nuclei. (B) Osmium-stained sec- 
tion showing myelin pallor indicating edema in the white matter 
beneath the lesion. Edema was not present in the deep nuclei. 
Granular isocortex was uninvolved. An infiltrate of 
mononuclear and a few polymorphonuclear inflamma- 
tory cells at the edges of the lesion extended into the 
subarachnoid space for several millimeters. In the 
white matter underlying the lesion were perivascular 
cuffs of mononuclear cells, a mild mononuclear 
infiltrate, and a number of reactive astrocytes. Slight 
perivascular and tissue infiltrates of mononuclear cells 
were found in the putamen and the ventral anterior, 
ventral lateral, and centromedian nuclei of the 
thalamus and the rostral portion of the red nucleus. 
Small infiltrates of mononuclear cells and some in- 
crease in numbers of astrocytes were found in the por- 
tions of the internal capsule, crus cerebri, and pontine 
white matter through which corticospinal fibers had 
passed, and in the medullary pyramid and contralateral 
lateral column of the spinal cord. 
Osmium-stained sections (Fig 1 B) revealed myelin 
pallor, suggesting edema in the white matter underly- 
ing the lesion. The edema extended almost to the body 
of the caudate nucleus but spared it in all but one case. 
Myelin staining was pale along the course of the corti- 
cospinal tract in the internal capsule, crus cerebri, 
pons, medullary pyramid, and lateral column. In one 
animal the myelin pallor extended into the body of the 
caudate nucleus. This animal had slight subfalcial her- 
niation. 
Local Cerebral Metabolic Rates for  Glucose 
The average local cerebral metabolic rate for glucose 
(LCMRGlc) for 6 unoperated control animals showed 
no significant differences between homologous struc- 
tures in the left and right hemispheres (Table). Analy- 
sis of data from 6 animals with ablation of cerebral 
cortical areas 4 and 6 in the left hemisphere revealed 
significant differences in LCMRGlc within the basal 
ganglia between the two hemispheres (Fig 2, Table). 
No significant left-right differences were found for 
the septal region, medial geniculate nucleus, or lateral 
geniculate nucleus. 
In both hemispheres of the control animals the 
caudal portions of both the caudate nucleus and the 
putamen had a higher LCMRGlc than the rostral por- 
tions. There was a similar relationship in the right 
hemisphere of the lesioned animals, but not in the left 
hemisphere (Table). The left-right ratios for the cau- 
date nucleus in a representative lesioned animal started 
in the rostral portion at a value close to 1.00 and 
gradually decreased in the more caudal portions until 
the level of the anterior commissure (Fig 3). Caudal to 
the anterior commissure the left-right ratios remained 
depressed at a more or less constant level. Similar re- 
sults along the rostral-caudal axis were observed for 
the putamen, but not for the other structures listed in 
the Table. Because of these observations, in the pres- 
ent analysis the caudate nucleus and putamen were 
divided into rostral and caudal portions, the rostral 
porrion consisting of the segment rostral to the ante- 
rior commissure and the caudal portion extending 
from the anterior commissure to the level of the red 
nucleus. 
Comparisons between ablated and control groups 
revealed a significant decrease in LCMRGlc in the left 
putamen, pallidum, and substantia nigra (Table). The 
decrease in the left caudate nucleus was not statistically 
significant in the comparison between groups, proba- 
bly because of the large variance between groups. The 
decreases in the left pallidum were significant, al- 
though the absolute magnitude of the decrease was 
small (Table). None of the comparisons between ab- 
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Mean (SEMI Local Cerebral Metabolic Rates for Glucose in ~ 1 1 0 0  gmlmin and Left-Right Ratios 
Control Lesion 
Location Left Right L-R Ratio Left hght  L-R Ratio 
Rostral caudate 30.17 (2.61) 30.35 (2.59) 0.994 25.43 (2.92) 27.78 (2.93)” 0.915 
Caudal caudate 35.00 (2.70) 34.47 (2.58) 1.015 26.23 (3.63) 32.45 (4.25)” 0.808 
Rostral putamenb 31.70 (2.78) 31.78 (2.83) 0.997 20.62 (2.56) 28.82 (2.95)” 0.715 
Caudal putamen‘ 34.40 (2.27) 34.05 (2.26) 1.010 19.52 (2.65) 31.22 (3.98)” 0.625 
Pallidurn internalb 16.28 (1.08) 16.73 (1.20) 0.973 11.78 (1.51) 14.60 (1.82)”. 0.807 
Pallidurn externalb 16.38 (0.95) 16.47 (1.13) 0.995 11.68 (1.79) 14.17 (1.97)” 0.824 
Septum 18.03 (1.30) 18.12 (1.47) 0.995 14.95 (1.43) 15.27 (1.40) 0.979 
Subthalamic nucleus 30.87 (1.47) 31.58 (1.94) 0.978 27.63 (3.97) 31.27 (4.47)” 0.884 
Red nucleus 27.52 (1.32) 27.72 (1.41) 0.993 20.02 (3.58) 30.72 (5.97)” 0.652 
Lateral genicuIate nucleus 24.48 (1.46) 24.93 (1.65) 0.982 24.83 (5.18) 24.95 (5.17) 0.995 
Medial geniculate nucleus 42.52 (2.56) 40.75 (2.31) 1.043 42.70 (6.35) 46.08 (7.98) 0.727d 
Substantia nigra reticulatab 20.42 (1.13) 19.96 (0.96) 1.023d 16.88 (3.23) 17.98 (4.36)‘ 0.845 
Substantia nigra cornpactab 27.48 (1.36) 28.12 (1.55) 0.977“ 25.02 (3.80) 28.85 (5.16)‘ 0.867 
- 
~~~ ~ ~~ 
“Significant left versus right, p < 0.01. 
hSignificant control versus ablated left hemisphere, p < 0.05. 
‘Significant control versus ablated left hemisphere, p < 0.01. 
dThe data are based on  5 rather than 6 animals. 
‘Significant left versus right, p < 0.05. 
L = left; R = right; rosrrai = measurements rostral to the anterior commissure; caudal = measurements between the anterior commissure and 
the red nucleus. Further explanation is provided in the text and Figure 3. 
lated and control groups for the structures in the right 
hemispheres showed significant differences, but the 
data indicate a trend toward reduced activity in the 
basal ganglia of the right hemisphere. 
The effect of an ablative procedure in the cerebral 
cortex upon the blood supply of underlying subcortical 
structures is of concern as some of the changes in 
metabolic activity could result from interruption of 
blood flow. We have performed a single experiment to 
assess the effect of the lesion on blood flow as mea- 
sured with [14Cliodoantipyrene. The results reveal a 
pattern of diminished blood flow that replicates closely 
the pattern of altered metabolic activity demonstrated 
with 2-deoxyglucose (Fig 4).  
Discussion 
The present study has demonstrated that ablation of 
areas 4 and 6 of Brodmann in the left hemisphere of 
the macaque monkey results in a decrease in glucose 
metabolic activity 1 week after the lesion in the left 
caudate nucleus, putamen, globus pallidus, substantia 
nigra, and subthalamic nucleus. No decrease occurs in 
the septum or in the medial and lateral geniculate nu- 
clei. The right hemisphere shows nonsignificant but 
consistently decreased activity in the caudate nucleus, 
putamen, and globus pallidus. These results are similar 
to those of Deuel and Collins [b, 73, who studied mon- 
keys with unilateral lesions of the frontal association 
cortex. However, their data suggest that the caudate 
nucleus may be more affected than the putamen 161, 
whereas we found the opposite. The results of their 
work and ours are consistent with the known distribu- 
tion of cerebral cortical projections to the caudate nu- 
cleus and putamen. Neurons in area 4 project more 
heavily to the putamen than the caudate nucleus, 
whereas neurons in the frontal association areas have 
the opposite pattern [l}. 
The effect of the ablation upon glucose metabolic 
activity is most pronounced in the putamen, followed 
by the caudate nucleus and then the remaining struc- 
tures, which are much less affected. The ablation re- 
sults in not only decreased activity but also increased 
variability of activity in the affected structures. This 
increase in variability, coupled with the variability in- 
herent in the deoxyglucose technique, leads to some 
difficulty in statistical interpretation of the results, es- 
pecially in the case of the caudate nucleus. Kuhl and 
co-workers { 151 experienced similar variability in their 
positron emission tomography studies of patients with 
stroke. They normalized their data to a structure that 
did not appear to be affected by the stroke. This tech- 
nique only provides a certain degree of consistency 
from case to case and does not solve the potential 
problem of changes in the lumped or rate constants 
with diseased or lesioned tissue. We used a similar 
technique by normalizing the data for the basal ganglia 
to the lateral geniculate nucleus, a structure not af- 
fected by the lesion. We found no significant differ- 
ence between the normalized and nonnormalized data 
and chose to present them in the nonnormalized form. 
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Fig  2. Computer-processed quantitative autoradiograms of a 
monkey brain I week after ablation of cerebral cortical areas 4 
and 6. The color bar on the right is codedfor cerebral glucose 
utilization rates. 








bly because of the large variability. Nevertheless, other 
information indicates that the changes in the caudate 
nucleus are important. The left-right ratios for the 
caudate nucleus show a distinctive pattern from the 
most rostral section to well caudal to the red nucleus 
(Fig 3 )  in virtually all of the lesioned animals. Apart 
from the most rostral sections, the left caudate nucleus 
shows a lower glucose utilization rate than the right 
caudate nucleus. A similar pattern occurs in the puta- 
men and globus pallidus and, to a lesser extent, in the 
remaining structures with significant left-right dif- 
ferences. 
Some of the changes in glucose metabolic activity in 
the basal ganglia may result directly from loss of activ- 
ity in neurons known to project from areas 4 and 6 
into the basal ganglia. Thus, topographically organized 
projections extend from the lesioned area to the puta- 
men and caudate nucleus, although the density of pro- 
jections from areas 4 and 6 to the putamen are greater 
The comparisons of activity in the left and right 
O R  CAUDATE 4 0 0  M I C R O N  INTERVALS C 9  
F i g  3. Histogram showing left-right ratios of local cerebral met- 
abolic rates for glucose (LCMRG) in the caudate nucleus fmm 1 
animal 1 week after unilateral ablation of cerebral cortical areas 
4 and Ci. The ratios are from rostral (R) to cau&l (C) at 
400-p intervals. (AC = anterior commissure; RN = red 
nucleus.) 
Fig 4. Computer-processed {14C)iodoantipyrine autoradiograms hemispheres for the caudate nucleus in animals with 
cerebral showed significant differ- from an animal 1 week afer unilateral ablation o f  cerebral corti- 
ences, as did the interaction between groups and hemi- cal areas 4 and 6. The autoradiograms are not quantitative and 
spheres. The comparisons between control and lesion are presented only t o  illustrate the relative distribution o f  blood 
groups for the caudate nucleus of the left (lesioned) Jw. The relative concentrations are from red (highest) t o  violet 
hemisphere did not show significant differences, possi- (lowest), 
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than those to the caudate nucleus C16, 171. Neurons in 
the frontal lobe project to the anterior part of the head 
of the caudate nucleus and to the precommissural part 
of the putamen. Projections occur bilaterally also to a 
large anteroposterior division of the putamen in a 
somatotopically organized pattern with fibers from the 
cortical leg and tail areas terminating most rostrodor- 
sally and those from the face area terminating most 
caudoventrally 11 61. 
Degeneration of corticofugal fibers projecting di- 
rectly to the substantia nigra and subthalamic nucleus 
may contribute to the decreased metabolic activity in 
these structures. The existence of a corticonigral pro- 
jection has been doubted in the past 122, 231, but 
recent studies have revealed some connections from 
the prefrontal cortex to the substantia nigra [2, 12, 
301. In addition, a projection has been found from 
areas 6 and 9 in the monkey to the pars compacta of 
the substantia nigra [ 17). A topographical projection 
has been described in monkeys extending from cere- 
bral cortical areas 4 and 6 to the ipsilateral subthalamic 
nucleus 11 31. 
Because cerebral cortical projections extending di- 
rectly to the globus pallidus have not been described, 
the decreased metabolic activity in the pallidum ob- 
I. served in the present study cannot be attributed to loss 
of direct corticofugal projections. Rather, the de- 
creased pallidal activity must result from transsynaptic 
effects. Loss of the excitatory projections from the ce- 
rebral cortex to the caudate nucleus and putamen evi- 
dently alters the activity of neostriatal neurons that 
project to the globus pallidus [24}. In addition, altered 
activity in the subthalamic nucleus from loss of cor- 
ticofugal terminals may affect the pallidum. Similar 
transsynaptic effects, termed diascbzsis, have been ob- 
served in the cerebellar hemisphere opposite a lesion 
in the cerebral cortex 118, 20). 
Our data consistently show a small reduction in 
metabolic activity in the right basal ganglia. This 
finding is consistent with anatomical studies demon- 
strating direct projections from areas of the cerebral 
cortex to the contralateral basal ganglia [8, 16, 171. 
Our studies have shown that several subcortical struc- 
tures apart from the basal ganglia are also affected by 
the lesion, including the left thalamus, red nucleus, 
pons, and the right cerebellar hemisphere [4,  5,9, 101. 
The changes in glucose metabolic activity within the 
central nervous system found in this study are compat- 
ible with the clinical situation in which loss of function 
of the precentral region of the cerebral cortex results 
initially in an essentially complete hemiplegia [l 1). 
Neurons arising in the precentral cortex make exten- 
sive connections through the basal ganglia, brainstem, 
and spinal cord. Many of these neurons utilize glu- 
tamate or aspartate as a neurotransmitter and are 
strongly excitatory in their synaptic effects [331. Thus, 
the initial hemiplegia may be viewed as a result of the 
withdrawal of strongly excitatory synaptic connections, 
both from loss of direct excitatory glutamatergic con- 
nections and also from transsynaptic effects. 
The changes in glucose metabolic activity in animals 
with hemiplegia from cerebral cortical ablation do not 
reflect differences in the relative use of the limbs on 
the two sides of the body. During deoxygluose incor- 
poration we maintained our animals strapped in a chair 
with all four limbs firmly secured to prevent asym- 
metrical levels of sensory input from the two sides of 
the body. Moreover, we have examined metabolic ac- 
tivity in the cuneate nuclei and have found no differ- 
ence between the two sides [91. Greater sensory input 
from one side should have been detected as an asym- 
metry in metabolic rate at the level of the cuneate 
nucleus. 
Decreased metabolic activity within the basal ganglia 
in animals with precentral cortical ablation could result 
.from a decrease of local cerebral blood flow if blood 
'vessels penetrating into the basal ganglia were injured. 
This possibility is unlikely for several reasons. First, 
deoxyglucose uptake depends primarily on cellular 
1311 and synaptic terminal 126-28) activity; it is not 
limited by blood flow, either in cases of physiological 
'@variation or in many kinds of pathological alterations of 
neuronal function [2 11. Second, our histological analy- 
sis of sections adjacent to those used for autoradiog- 
raphy revealed no evidence of tissue ischemia. Finally, 
a study of cerebral blood flow in one animal 1 week 
after ablation of areas 4 and 6 gave no evidence that 
perfusion was decreased to critical levels. The pattern 
of decreased blood flow was strikingly similar to that of 
decreased glucose metabolic activity, even in the cere- 
bellum and brainstem, which are remote from the site 
of the lesion and receive their blood supply from the 
posterior circulation 193. We conclude that the alter- 
ations in deoxyglucose uptake reflect changes brought 
about by the loss in function of neural connections and 
subsequent transsynaptic effects and that changes in 
blood flow follow the pattern of decreased metabolic 
activity. 
Glucose utilization rates in the present study were 
measured using techniques similar to those reported 
by Kennedy and associates 1141. The lumped and rate 
constants developed by those investigators were used 
in the present study. The glucose utilization rates for 
our control animals were generally lower than those 
reported by Kennedy and associates 1141. There may 
be several reasons for this difference. First, we used M. 
fascicuLurisJ whereas they used M. mulatta; there may 
be differences in cerebral glucose metabolic rates be- 
tween the two species. Second, we used a local anes- 
thetic for insertion of the catheters, whereas they used 
general anesthesia. Third, we may have handled tissues 
differently. In our studies the tissues from both control 
and lesioned animals were treated in the same manner 
and our data appear to be internally consistent. 
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